Food storage at the national or global level is important due to its multifunctional roles of enhancing food access, nutrition, and income security at the national, community and household levels. This study assesses the importance of food storage structures and their utilization by farmers cultivating finger millet (Eleusine coracana) and common beans (Phaseolus vulgaris) in Apac and Arua districts, Northern Uganda. The study encompassed a total sample of 782 households producing finger millet and/or beans (388 of which were below and 394 above the poverty line). A binary probit regression analysis was used to identify the factors influencing the household use of improved storage structures.
1 According to the United Nations Millenium Project website, "The Millennium Development Goals (MDGs) are the world's time-bound and quantified targets for addressing extreme poverty in its many dimensions-income poverty, hunger, disease, lack of adequate shelter, and exclusion-while promoting gender equality, education, and environmental sustainability. They are also basic human rights-the rights of each person on the planet to health, education, shelter, and security" (United Nations, n.d., para. 2). The first goal is to eradicate extreme hunger and poverty.
While some SSA nations have made some improvements in achieving the Millennium Development Goals 1 by decreasing the share of their populations suffering from extreme poverty (hunger), 41% (25%) of the SSA population is still reported to be extremely poor (undernourished) (FAO, 2015; United Nations [UN], 2015) . Since expenditures on food uses up much of household income in SSA and most residents depend on agriculture and allied activities as their source of income, the impact on food security and poverty of reducing food losses could be immense (Chauvin, Mulangu, & Porto, 2012) . The objective of this paper was to assess the use of food storage systems for households cultivating Eleusine coracana and Phaseolus vulgaris in Apac and Arua districts of Northern Uganda as a strategy for reducing food loss.
Much of these losses in SSA take place at the early stages of the food supply chain, and can be attributed mainly to both pre-and postharvesting losses (Kereth, Lyimo, Mbwana, Mongi, & Ruhembe, 2013) . On-farm storage of food crops such as grains is commonly done by households using traditional storage structures (ThamagaChitja, Hendriks, Ortmann, & Green, 2004) . In eastern and southern parts of Africa, a wide variety of storage structures are used, including wire cribs, polythene bags, and metal silos (Kankolongo, Hell, & Nawa, 2009 ) (see Figures 1-3) .
The postharvest losses of highly perishable food products such as fruits and vegetables, livestock and fishery products are even higher than for grains, and is attributable primarily to lack of cold chain (continuous cooling system for a commodity), poor processing facilities, and marketing infrastructure (Hodges, Buzby, & Bennett, 2011) . Reducing food losses by investing in improved and user-friendly postharvest management offers opportunities for enhancing food security and household incomes in SSA without incurring any additional production costs (Hodges et al., 2011) . Improving postharvest management techniques can also help build resilience against current and future climate-related shocks and reduce the need for expanding farmland and damage to environmental services, including carbon sequestration (Stathers, Lamboll, & Mvumi, 2013) .
In addition to building capacity of smallholder farmers in postharvest management, both hermetic and nonhermetic storage technologies have been introduced and tested for efficacy in a number of SSA countries (WFP, 2015) . These storage technologies have proven to be effective in reducing food losses. Some of these technologies include super grain bags, zero fly bags, plastic silos, metal silos, grain safes, and improved granaries . Such structures were tested by farmers in Uganda and Burkina-Faso and found to be effective in reducing postharvest food losses by 98%, regardless of the crop and duration of storage (WFP, 2015) . A number of projects related to food storage innovations have attempted to link smallholder farmers to markets and credit institutions as ways to boost their incomes (Bouquet Wampfler, & Ralison, 2009; Coulter & Onumah, 2002; KENFAP, 2011 Woomer & Mukhwana, 2004) . Such initiatives have used a participatory approach, as in the case of maize in rural areas of Kenya (Woomer & Mukhwana, 2004) and rice in Madagascar and Tanzania (Coulter & Onumah, 2002) . Smallholders in several African countries, such as Niger, Madagascar, Zambia, Malawi, Kenya, and Uganda, have also participated directly in donor-funded inventory credit or "warrantage" system for grains (Bouquet et al., 2009 ). Similar to the above strategies is the warehouse receipt system also introduced to many countries in eastern and southern Africa (Coulter & Onumah, 2002) . Smallholders in SSA are in one way or the other willing to adopt improved structures for postharvest technologies at the household level. This indicates that there is considerable potential for these smallholders to participate directly in collective storage at the community and national levels.
The adoption rate for improved grain storage technologies among smallholder farmers in SSA at the household level, however, is variable (12.7%-74%), with most studies indicating adoption rates below 50% (Aguessy, 2009 , as cited in Affognon, Mutungi, Sanginga, & Borgemeister, 2015 Arouna, Adegbola, & Biaou, 2011; Moussa, LowenbergDeBoer, Fulton, & Boys, 2011) . Some studies have reported abandonment rates as high as 56% to 73% (Adegbola, 2010; Affognon, Mutungi, Sanginga, & Borgemeister, 2015) . Other studies reported adoption rates of 12.7% for metal drums used for storage of cowpea in Benin (Moussa et al., 2011) ; 40.9% adoption of improved granaries for maize storage in Benin (Arouna et al., 2011) ; adoption rates in Benin of 74%, 45%, and 41% for wooden granaries for storing maize cobs, and for metal cans and polyethylene bags for storage of grains, respectively (Aguessy, 2009, as cited in Affognon et al., 2015) . With an adoption rate of improved storage structures of only 5% , farmers in Benin seems to have the lowest adoption rates, yet when storage technologies are developed using participatory approaches, adoption rates of 80% were reported (Affognon et al., 2015) . In Tanzania, a 55% to 64% uptake rate of extension knowledge on control of larger grain borer by farmers was recorded (Golob, 1991) . However, the rate of adherence to using such structures by the farmers was only 17%. This could be attributed to various socio-economic factors, such as inadequate capital for the high costs of the technologies, limited technical know-how, and low price variability between seasons, which reduces returns to storage (Affognon et al., 2015; Golob, 1991) .
Moreover, there is growing evidence indicating low levels of participation among smallholders in collective storage (Ton, de Grip, Lançon, Onumah, & Proctor, 2014) . In Uganda, only 23% of existing capacity of certified warehouses was utilized in 2011, with a majority (90%) of the grain depositors being traders; some warehouses did not have a single farmer registered to participate (USAID-LEAD, 2012). The low utilization of the storehouses was attributed mainly to their poor location, lack of trust in the storage management arrangements (including bad memories by farmers of the functioning of some cooperatives in the past), and unfavorable terms of storage for the farm produce (e.g., a lack of cash advances to farmers at the time of farm commodity deposit, even though farmers often need cash for domestic and social needs) (USAID-LEAD, 2012). The same situation applies to Kenya, where 90% of warehouse grain deposits were from large-scale farmers and traders, leaving only 10% of the space to smallholder farmer groups, a situation due mainly to high storage fees and the relatively small volumes of commodities offered by small farmers, even as farmer groups (Jones & Lowenberg-DeBoer, 2014; KENFAP, 2011) .
Various reasons have been attributed to poor utilization of scientific postharvest management technologies by smallholder farmers in SSA. As indicated in a review by Affognon et al. (2015) , the problems can be associated with technological, socio-cultural, economic, and political reasons. Poor delivery of the scientific innovations, lack of knowledge of modern conservation methods or techniques by many SSA smallholder farmers, and inappropriate postharvest technologies have been given as some of the reasons efforts to minimize food losses have been hindered (Bediako, Chianu, & Dadson, 2009; Obeng-Ofori, 2011) . Results from a study in Tanzania reported that 96% of farmers have limited knowledge of methods of proper postharvest management (Abass, Ndunguru, Mamiro, Alenkhe, Mlingi, & Bekunda, 2014) . Smallholder farmers also may stick to traditional techniques of food conservation for fear of venturing into scientifically new but locally untested methods available from research stations. Winniefridah and Manuku (2013) reported that the people of Matabeleland in the southern province of Zimbabwe preferred traditional ways of storage to modern ways involving the use of agro chemicals due to health concerns. The cost of constructing improved storage structures has also hindered their accessibility to farmers (Jones & LowenbergDeBoer, 2014) . Furthermore, stringent quality and quantity requirements associated with conservation methods are a constraint for many farmers, as is the case with the warehouse storage system (Onumah, 2010 
Materials and Methods

The Study Area
The study covered two districts in Northern Uganda: Apac (longitude 32.15°-32.95°E and latitude 1.65°-2.25°N) and Arua (longitude 30.75°-31.50°E and latitude 2.50°-3.35°N). Apac and Arua were selected as sample districts for a number of reasons. They are major food-producing districts and have long-standing peace and security. Apac and Arua belong to the Northern and West Nile farming systems, respectively. Apac and Arua districts encompass key commercial towns (of the same names) in Northern Uganda; this provides good market conditions for price arbitrage. . In addition to contributing to food security, finger millet and beans are easily storable, with lower post-harvest losses and lower perishability than fruits, vegetables, meat, and fish (Hodges, Buzby, & Bennett, 2011) .
Data and Sampling Techniques
In this study, we analyzed data collected in the Uganda census of agriculture 2008/09 by the Uganda Bureau of Statistics (UBOS). UBOS used a stratified two-stage sample design to select small and medium-scale households. The first stage involved the selection of Enumeration Areas (EAs) with probability proportional to size (PPS) in the study districts. The second stage involved the selection of households (ultimate sampling units) using systematic sampling, after stratification based on acres of cropland (UBOS, 2010a). The optimal number of 10 households (respondents) were selected per EA (resulting in samples of 57 and 52 in Apac and Arua districts, respectively) based on cost ratio and intra-class correlation. After exploratory data analysis, the pooled sample size for the two study districts used in the analysis was 782 households.
Households were categorized into two groups: those above and those below the Northern region's poverty line. The national poverty line was equivalent to UGX 62,545 (approximately US$34.00; US$1=1,840 UGX at the time of this study) per adult equivalent per month; the northern region rural poverty line was UGX 54,174.47 , 2013) . From the total sample size of 782 households, 394 households were above the poverty line and 388 households were below the poverty line. Data analyzed included storage types for food grains; age, sex, and education level of the household head; income status of the household (above or below the poverty line); whether an extension worker had visited the household; the household's access to credit; location variable (district where the household was located); and household size, standardized in terms of how many adult-equivalents are in each family. Household adult equivalencies were based on nutritional requirements using consumption conversion factors as recommended and contained in the World Health Organization's (1985) nutrition guidelines.
Continuous variables (age of household head, number of years of formal education of household head, household size, and household income) were measured at variable mean using t-statistics (Table  1) . Categorical variables (sex of household head, access of household head to extension and credit services, and membership of household head in a farmer group or association) were measured as percentages using (χ 2 ) ( Table 1) .
Analysis of the storage structures used by households involved two steps. First, from the UBOS census 2008/09 dataset we identified and analyzed the various types of storage structures and households using them using frequency distributions. This was followed by categorizing the use of various storage structures into two broad categories (i.e., households using improved storage facility=1; households using unimproved storage=0), after consulting with UBOS (the data source) and postharvest specialists. storage structures was done using the probit model developed following the utility theory as suggested by Greene (1997) . The probit model makes it possible to generate the marginal effects of the explanatory variables on the probability of adoption, and the model has been used to establish factors affecting adoption (Lapar & Pandey, 1999; Pindyek & Rubinfeld, 1991) . The model presupposes that the decision by the household to adopt or use or not to adopt or use improved storage system would depend on an unobservable index Z i determined by explanatory variables, where the bigger the index, the greater the probability of the household to use improved storage system.
The expression takes the form:
Where:
Χ i = Number of years of formal education of head of household, as an example;
α and β i = parameters to be estimated. 
Where: Z i = Household decision to use or not to use improved storage system (1 = household uses improved storage system; 0 does not use); α = Constant; Χ i = Vector of explanatory variables; β i = Vector of parameters to be estimated; e = Error term
The specification of the probit analytical model was as in equation (3) below. 
Results and Discussion
Characteristics of Households
Almost three-quarters of households studied were male-headed. Overall, there was no significant difference in age and education level of respondents below and above the poverty level (Table 1) . Irrespective of the type, household access to extension services, credit, and membership in farmer groups or associations were generally low in Apac and Arua districts (Table 1) . Households below the poverty line were more likely (p < 0.01) to access extension and credit services and to be in organized farmer groups or associations than those above the poverty line (Table 1) . Households in Apac district had better access to extension services and were more likely to be members of farmer groups compared to those in Arua district, while those in Arua had better access (p < 0.01) to credit services (Table 1) . Better access by farmers to extension services in Apac may be attributed to the greater proportion of farmers being in groups, which facilitates extension outreach and adoption of improved technologies (Table 1) , in line with results of a study on farmer field schools in Uganda (Lwala, Elepu, & Hyuha, 2016) . In the study districts, extension service delivery was provided mainly by National Agricultural Advisory Services (NAADS). This agency categorized farmers on the basis of their food security, with 70% as subsistence farmers, 25% as semicommercial, and 5% as commercial farmers (MAAIF, 2012b) . The main objective of subsistence farmers is food security (consuming over 50% of their own production); semicommercial farmers sell at least 50% of their production, while commercial farmers grow sugarcane, tea, rice, oil palm, and coffee mainly on large-scale, specialized estates and sell the whole of their production after processing (MAAIF, 2012b) .
Results of the Uganda census of agriculture indicate that only 10% of the agricultural households countrywide accessed credit during the period 2002/03 to 2007/08 (UBOS, 2010b). The main source of credit was self-help groups (village savings loan associations), which provided loans to 30.8% of households; microfinance institutions (MFIs), which provided loans to 28.7% of households; and families and friends, who provided loans to 17.6% of households (UBOS, 2010b). Banks provided loans to only 10.3% of agricultural households (UBOS, 2010b). Self-help groups, MFIs, and families and friends provided the majority of loans to subsistence farmers and semicommercial farmers; banks provided loans to commercial farmers (UBOS, 2010b). With up to 76% of households required to provide collateral as security for loans, the need for collateral was the main constraint to accessing loans by agricultural households (UBOS, 2010b). The main forms of collateral provided by farmers were land titles (29.1%), character (23.1%), crops (19.0%), and livestock (16.7%) (UBOS, 2010b). Organizing famers into groups and associations is being done by primarily by development actors and government programs such as NAADS in order to enhance their access to agricultural extension services and credit (MAAIF, 2012b).
Household Production and Storage of Finger Millet and Beans
Results displayed in Table 2 indicate that respondents above the poverty line produced higher quantities of finger millet and beans compared to their counterparts below the poverty line, mainly due to ownership of more agricultural land and better financial resources to hire farm labor. The average land size was 2.2 ha (5.4 acres) and 1.18 ha (2.92 acres) for households above and below the poverty line, respectively (UBOS, 2010b). On average, households above the poverty line stored (Table 2) ; this may be attributed to more intensive farming and generally richer soils in Arua than in Apac (UBOS, 2010b).
Types of Storage Structures Used
As indicated in Table 3 , the two most common storage structures used by households were within the residence of the farmers (69.4%) and in unimproved granary (34.4%). 4 The majority of households below the poverty line (>71%) and above the poverty line (67%) stored the finger millet and beans in one of the rooms inside the house they were living in: on the floor (Figure 9 ), in polythene bags (Figure 2 ), in pots (Figure 10 ), and in other places. About 18% of households overall stored grain in a dedicated room of the house they were living in or a dedicated house; the rate varied between households below (22%) and above (14%) the poverty line (Table 3; Figure 11) .
A primary reason for the common practice of 4 The sum is over 100% due to some households reporting multiple storage types. storing grain inside a house is to minimize risks such as postharvest losses from predators, pests, and theft (UBOS, 2010b). Less than 3% of households used improved granary structures overall, with households above the poverty level using them at the slightly higher rate of 3.7% (Table 3 ). An improved granary is a storage structure that is substantially raised off the ground (by about 1 meter or 3.3 feet) and supported by poles fitted with rodent guards, as shown in Figure 8 , which sits on concrete blocks and has walls made of mud and wattle and a top made of reeds covered with grass. An unimproved granary is a structure not substantially raised off the ground (about 0.3 meters or a foot off the ground), with the structure sitting on poles or low stones or poles not fitted with rodent guards, as shown in Figure 12 , with walls made of mud and wattle and a top made of reeds and covered with grass. The contents of the unimproved granary are prone to attack by rodents, leading to higher postharvest losses. A lower rate among households of improved granary usage for storage may be attributed to the higher cost of building them, as has been found in previous studies (Adegbola, 2010 , cited in Affognon et al., 2015 . Furthermore, a few households stored their food products above the fireplace (4.8%) and in sealed containers in their homes (13.1%) ( Table 3) . One type of sealed container is a plastic silo ( Figure  6 ). Most of the respondents who stored food in sealed containers were those who were above the poverty line. This suggests that they were fully aware of the advantages of such containers in guarding against postharvest losses and were also able to afford them, as indicated in a report by the WFP (2015) .
Despite government efforts to promote the use of cribs (an improved storage structure for grains, shown in Figure 1 ), less than 1% of Figure 13 . Storage Under Shelter Outside households were using the technology (Table 3) . This may be attributed, in part, to the low access of extension services by farmers (24.3%) as earlier indicated in Table 1 and the high cost of erecting a crib storage facility (Affognon et al., 2015) . About 6% of farmers store food products, usually maize cobs and sorghum, by hanging them outside the house under the veranda, with more farmers in Arua district using the practice compared to those in Apac district (Table 3 ; Figure 13 ). This may be due to the greater production of tobacco in Arua, and its use by local farmers as a pest-control substance. Hung together with maize and sorghum under the veranda to dry, tobacco provides protection to maize and sorghum against insect pests, a practice categorized as use of botanicals (indigenous technologies) in pest control in a study by Affognon et al. (2015) . Close to 8% of farmers below the poverty level and 3% of those above the poverty level reported using this method of storage (Table 3 ). The higher proportion of the use of this "storage under shelter outside" by farmers below the poverty level compared to those above the poverty level may be attributed to the lower cost of these indigenous methods compared to modern technologies (Affognon et al., 2015) . Results of interviews with various stakeholders revealed that households in the study area generally store crop produce for varying periods, ranging from a week to about six months, for purposes of consumption and sale. These findings are in accordance with results of a study on postharvest food losses in Tanzania, which indicated that the storage period for a number of crops (beans, sesame, groundnuts, sorghum, maize, etc.) ranged from 1 to 6 months (Abass et al., 2014) . The major agricultural products usually stored in granaries by respondents in unthreshed forms is cereals, such as finger millet, sorghum, and maize, while legumes (beans, cowpeas, pigeon pea) are usually threshed prior to being stored in houses. Crops normally stored in sealed containers are threshed cowpeas, pigeon peas, and sesame. Selected good-quality maize cobs, finger millet, and sorghum to be used as seed in the coming season are traditionally stored over the fireplace (Thamaga-Chitja et al., 2004) .
Storage over the fireplace has some perceived advantage of reducing pest infestation as a result of reduced moisture content for the cereals, and ultimately improving the shelf life of the cereal seeds. Although these perceptions agree with the findings of research conducted in South Africa (A. T. Modi, personal communication, 2003) , which indicated that roof-stored seed over the fireplace had more vigor during germination than commercial maize seeds, results of a study by Thamaga-Chitja et al. (2004) indicated lower germination rates and yields from seeds stored over the fireplace. These inconclusive results call for more research in the performance of these storage methods. Finger millet and sorghum were sometimes stored in unthreshed form under shelter outside in areas where households perceive a low risk of theft of these crops. Other storage methods used by households included baskets made from reeds ( Figure 14) and underground silos to mention, to mention but a few (UBOS, 2010b).
Categories of Storage Structures Used
The various types of storage structures used by households were categorized into two broad groups: improved and unimproved. To distinguish between improved and unimproved storage structures, the definition of an improved storage structure given by postharvest specialists was used. An improved storage structure is defined as a one "that increases the shelf-life of a given product and maintains its integrity in quantity and quality for a desired period." Improved storage structures included improved granaries, cribs, and storage in a specific house or room. Unimproved storage Figure 14 . Storage Basket Made from Reeds structures included unimproved granaries, houses, under shelter outside, over a fireplace, and sealed containers.
Results showed that a majority (78%) of households growing millet and beans still used unimproved storage structures (Table 4) . A higher proportion of Apac households below the poverty level (24.8%) used improved storage facilities compared to those in Arua district (11.6%); this may be attributed to the higher per capita income in Apac (Tables 1 and 4) . A similar study conducted in Kwara State in Nigeria by Adetunji (2009) indicated that 32% of farmers used improved storage (semimodern and modern storage techniques). In their review of literature, Affognon et al. (2015) showed that farmer/ household adoption of improved postharvest technologies in SSA varied from 12.7% to 74%, with most studies reviewed revealing adoption rates of less than 50%. In the same literature, high disadoption rates of 56% to 73% were reported in one study. Besides limited access to finance by farmers, the other reasons indicated as causes of low adoption and high disadoption were limited technical know-how, weak innovative delivery systems, and inappropriate technologies (at times) due to inadequate involvement of beneficiaries in selecting technology (Mutambuki & Ngatia, 2006; Obeng-Ofori, 2011) .
Factors Influencing Household Use of Improved Storage Structures
We employed a probit regression technique to assess factors affecting the use of improved storage structures by households in Apac and Arua districts. Results of the probit model are presented in Table 5 . Overall, the model fitness and explanatory power for the pooled data for Apac and Arua districts was satisfactory (R 2 = 0.1155; χ 2 = 46.06; Prob> χ 2 = 0.0000). Significant variables were age of household head, education of household head, membership in farmer group or association by household head, family size, and distance of the household to the nearest local produce market (Table 5) .
Results of analysis of households growing finger millet and beans indicated that the variables age, sex of household head, education level of household head, access to credit, household size, and agricultural land size influenced adoption (use) of improved postharvest structures by varying magnitudes (Table 5 ). Access to credit by households increased the probability of adoption of improved storage structures by households growing millet and beans by 52%. This may be attributed to credit making it easier for households to purchase the required storage construction materials (poles, wire mesh, etc.) and to hire labor to construct the structures, as corroborated by related postharvest studies in sub-Saharan Africa (Mutambuki & Ngatia, 2006; Obeng-Ofori, 2011 ).
An increase in the age of a household head by one year increased the probability of adopting improved storage structure by 43% for beangrowing households, and by 21% for households above the poverty line. Similar results were obtained by Maongo, Assa, and Haraman (2013) , Okoedo-Okojie and Onemolease (2009), and Lwala et al. (2016) . With age comes more experience and resource accumulation, but only to a certain point, when conservativeness or risk aversion to technology adoption is observed. Education improved the likelihood of adopting improved storage structures. The present findings indicate that the probability of using improved storage structure is correlated with the level of education of the household head; an increase by one year increased the probability of using improved storage technology by 16% for Apac district, 11% in both study districts, as well as for households growing finger millet and beans (Table  5) . Similar results were found in studies of the adoption of improved storage structures for maize in Benin (Adegbola et al., 2011 , cited in Affognon et al., 2015 , and metallic grain silos in Malawi (Maongo et al., 2013) . There is no doubt that education improves the rate at which new techniques and skills can be absorbed and applied by farmers, and this might explain increasing adoption rates as years of education increase.
Membership in a farmers' group or association improved the probability of household use of improved storage structures by 27% in Arua and 13% across both study districts (Table 5 ). This agrees with findings from previous adoption studies of improved granaries for maize in Mozambique (Cunguara & Darnhofa, 2011) . This might be an indication that organized farmers are empowered (including enhanced diffusion of knowledge and information about new technologies) and have improved bargaining power for cost-effective technology acquisition compared to their counterparts (Okorley, Adjargo, & Bosompem, 2014) . Adoption by group members might also be due to peer pressure (Lwala et al., 2016; Malima, Blomquist, Olson, & Schmitt, 2014) . Household size increased the probability of using improved storage structures. An increase in household size by one adult equivalent increased the probability of using improved storage structure by 26% for households below the poverty line, 20% for those growing beans, and 16% for households in Apac and Arua districts (Table 5) . Similar results were obtained by a study investigating the adoption of improved storage technologies for fresh yam in Benin (Adegbola et al., 2003 cited in Affognon et al., 2015 , and a study of the effect of farmer field schools on adoption of technologies in eastern Uganda (Lwala et al., 2016) . Construction of improved storage structures often requires intensive labor, and family labor is a major source of on-farm labor in developing countries. In most developing countries in the past, the people residing in a village were more or less an extended family and therefore could assist each other for most of the activities. However, with the recent increase in rural-urban migration in a number of developing countries by those in search of better employment opportunities and an improved standard of living, a number of rural families have lost massive family/village labor resources. This accelerated rural-urban migration to urban areas, particularly by youth, has escalated labor costs for agriculture in the rural areas; this is certainly the case in Uganda, with possible impact on the adoption of intensive labor technologies in agriculture, including for postharvest technologies (Government of Uganda, 2015) .
The distance of a household from the nearest local produce market was negatively associated with use of improved storage structure. An increase in distance from a household to the local produce market of one kilometer (0.6 mile) reduced the probability of use of improved storage technology by 7% for households below the poverty line and by 5% for those in Apac and Arua districts (Table 5) . Similarly, market-oriented maize farmers in Benin, with better access to market, were found to more easily adopt improved storage structures (Adegbola et al., 2011 cited in Affognon et al., 2015 . Reduced market access associated with an increase in distance to the market makes households less market-oriented in their production decisions, leading to low marketable surpluses for storage. This may be due to limited awareness of the advantages of using improved storage structures, such as reduced postharvest losses, as well as low access to postharvest storage technologies in the rural areas of Uganda largely due to credit constraints (Government of Uganda, 2015) .
The sex of the household head and size of agricultural land were significant only for households growing finger millet (Table 5 ). Femaleheaded households growing finger millet were 49% more likely to adopt improved storage structures than their male counterparts (Table 5) , probably due to the associated advantages of reduced postharvest losses for improved food security and commercial purposes (WFP, 2015) . As shown in Table 5 , an increase in agricultural land by one hectare (2.47 acres) improved the likelihood of household adoption of improved storage structures by 7%, likely due to better possession of financial resources to hire farm labor and increased millet output, in line with results obtained by a study by UBOS (2010b). Contrary to a priori expectations, income of household (poverty status) and access to extension did not seem to explain the use of improved storage structures by households in Apac and Arua districts. Poor access to extension service, as shown in Table 1 above, could be one of the plausible reasons.
Conclusions
This study has revealed that a majority of households in Uganda still use unimproved storage structures for conserving agricultural produce. This seems to suggest that past postharvest policies and interventions have not yet had a significant effect on enhancing the use of improved storage structures by households in Apac and Arua districts. While age of household head, education of household head, membership in a farmer group or association by household head, access to credit, family size, and distance of the household to a local produce market influenced household usage of improved storage structures, household income and access to extension service did not. It is thus appropriate to maintain and accelerate the mobilization and organization of households into farmer groups or associations as one of the important vehicles for making farmers aware of the benefits of improved postharvest storage structures, due to the positive effect of membership in farmer groups or associations on use of these technologies. Support to rural farmers' education in the context of rural development could lead to increased farmer access to knowledge and information that are beneficial to facilitating postharvest technologies, as demonstrated by results of analysis in this study. Enhancing market access by increasing the number of rural markets equipped with appropriate facilities that meet quality standards for food safety would enhance market access for farmers and use of improved storage structures by households. Support to increase household access to credit would also promote adoption of improved postharvest storage structures. However, future research needs to examine the benefits and costs associated with various on-farm storage structures. Knowledge of farmer perceptions about improved storage structures might also provide a clue as to what extension package should be used to disseminate these technologies.
